Previous research has often highlighted hyperactivity in emotion regions to simple, static social threat cues in social anxiety disorder (SAD). Investigation of the neurobiology of SAD using more naturalistic paradigms can further reveal underlying mechanisms and how these relate to clinical outcomes. We used fMRI to investigate responses to novel dynamic rejection stimuli in individuals with SAD (N=70) and healthy controls (HC; N=17), and whether these responses predicted treatment outcomes following cognitive behavioral therapy (CBT) or acceptance and commitment therapy (ACT). Both HC and SAD groups reported greater distress to rejection compared to neutral social stimuli. At the neural level, HCs exhibited greater activations in social pain/rejection regions, including dorsal anterior cingulate cortex and anterior insula, to rejection stimuli. The SAD group evidenced a different pattern, with no differences in these rejection regions and relatively greater activations in the amygdala and other regions to neutral stimuli. Greater responses in anterior cingulate cortex and the amygdala to rejection vs. neutral stimuli predicted better CBT outcomes. In contrast, enhanced activity in sensory-focused posterior insula predicted ACT responses.
Introduction
Social anxiety disorder (SAD) is one of the most common anxiety disorders, with 12-month and lifetime prevalence rates estimated at 8% and 13%, respectively (Kessler et al., 2012; Ruscio et al., 2008) . SAD is characterized by persistent and excessive fear of scrutiny or humiliation in performance-related or social-interactional situations. As such, afflicted individuals will frequently avoid social situations and/or endure them with anxiety and distress, which can have significant adverse consequences on quality of life, and social, academic, and occupational functioning (Mendlowicz and Stein, 2000) .
The past several decades of research have identified multiple maladaptive biases in SAD involving hyperreactivity to threatening or potentially-threatening social information as well as excessively negative interpretations of such information that contribute to the development and maintenance of SAD (Clark and Wells, 1995; Craske et al., 2009; Rapee and Heimberg, 1997) . Neuroimaging research has begun to provide valuable insights into the neurobiological substrates that mediate the maladaptive processing of social information in SAD. One of the most intensely studied neural regions in SAD is the amygdala, which is not surprising given its well-established role in fear and social processing (Adolphs, 1999; LeDoux, 1998) . The amygdala is integral to fear learning and memory and has been characterized as representing a primitive threat-detection system designed to help protect the individual from harm (Amaral, 2002; LeDoux, 1998; Phelps and LeDoux, 2005) . Numerous studies have found greater amygdala activity in SAD compared to healthy controls in response to socially threatening stimuli (see Brühl et al., 2014; Etkin and Wager, 2007; and FreitasFerrari et al., 2010 for reviews and meta-analyses), consistent with the idea that SAD is characterized by hyper-sensitivity in detecting overt and potential social threats.
The insula, a limbic region central to the integration of perceptual, emotional, and cognitive information into subjective experiences (Craig, 2011; Kurth et al., 2010) , has been shown to be hyperactive in SAD relative to healthy controls in response to socially-threatening facial expressions (Amir et al., 2005; Straube et al., 2004) , scenes (Boehme et al., 2014) , and situations (Lorberbaum et al., 2004) . Such findings are consistent with theoretical models and behavioral findings that individuals with SAD are more likely to internalize or personalize potential social threats, as well as experience them as more aversive than non-anxious individuals.
SAD has been associated with increased activity in dorsal anterior cingulate cortex (dACC) relative to healthy controls in response to socially-threatening stimuli (Amir et al., 2005; Blair et al., 2008a Blair et al., , 2011b . While less emphasized in SAD research than other regions, dACC would seem to represent a key target for investigation of
